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(54) LITHIUM TANTALATE SINGLE CRYSTAL AND ITS PRODUCTION 

(57)Abstract: 

PURPOSE: To obtain a lithium tantalate single crystal which has low laser beam absorptivity and 
therefore is considered as a useful laser beam higher harmonic generating material and also to provide 
its production method. 

CONSTITUTION: The lithium tantalate single crystal contains <1ppm each of iridium and rhodium in it. 
In this production method of the single crystal, lithium tantalate is pulled up by the Czochralski method 
using a crucible provided with an after-heater. Further, a noble metal contg. no rhodium, e.g. iridium is 
used as the material for all the parts e.g. the crucible, after-heater, after- heater cover and seed 
holder that are heated to the temp., at which rhodium is volatilized. 
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* NOTICES * 

iTPO and NCI PI are not responsible for any 
damages caused by the use of this translation 



1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The iridium and the rhodium which are contained in a lithium tantalate single crystal are 1 ppm, 
respectively. Lithium tantalate single crystal characterized by being the following. 

[Claim 2] The manufacture approach of the lithium tantalate single crystal characterized by using all the 

parts that serve as temperature to which a rhodium volatilizes in the manufacture approach of a lithium 

tantalate single crystal of pulling up a lithium tantalate single crystal with a Czochralski process using the 

crucible which has an after heater as the noble metals which do not contain a rhodium. 

[Claim 3] The manufacture approach of a lithium tantalate single crystal of having indicated all the parts 

used as the temperature to which a rhodium volatilizes to claim 2 made into iridium. 

[Claim 4] The manufacture approach of a lithium tantalate single crystal of having indicated the crucible, 

the after heater, the after heater free wheel plate, and the seed electrode holder to claim 2 which becomes as 

a thing made from noble metals which does not contain a rhodium. 

[Claim 5] Pull-up ambient atmosphere of a lithium tantalate single crystal The manufacture approach of the 
lithium tantalate single crystal indicated to claims 2, 3, or 4 characterized by becoming as an inert gas 
ambient atmosphere containing the oxygen of 0.2 - 1 .5 capacity %. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to a lithium tantalate (it outlines the following LiTa03) single 
crystal especially LiTa03 single crystal made useful as a second harmonic generation ingredient of laser 
light, and its manufacture approach. 
[0002] 

[Description of the Prior Art] Manufacture of LiTa03 single crystal fuses the powder of LiTa03, and a 
massive object with a metal crucible, and is performed by the so-called Czochralski process (it is written as 
a CZ process below) into which it contacts making this rotate seed crystal, and this is pulled up gradually, 
and a single crystal is pulled up and is grown up. A deer is carried out and it is wavelength to this about this 
LiTa03 single crystal. 800-900nm It is wavelength when laser light is irradiated. 400-500nm Although this 
is made useful as a second harmonic generation ingredient of laser light since the 2nd higher harmonic 
occurs Into this crystal 400-5 OOnm If there is absorption, in order for luminous intensity to fall, it is not 
suitable as a component for optics. Moreover, about the lithium niobate with which the intermediary is 
known by this as a second harmonic generation ingredient like LiTa03 single crystal, it is 1 ppm about the 
iron concentration as an impurity. Although the following, then such a disadvantageous thing to escape are 
known With LiTa03 single crystal, it is 1 ppm about iron concentration. There is a fault of becoming 
inadequate as an optical element stabilized since the absorption of light was seen also as the following. 
[0003] In addition, about the manufacture approach of this LiTa03 single crystal, the melting point of 
LiTa03 single crystal is abbreviation. Although the platinum whose melting point is more than this, a 
platinum rhodium alloy, and iridium are used for this crucible since it is 1,650 degrees C The melting point 
platinum There is a possibility that a crucible may be damaged at 1,769 degrees C since it is close to the 
melting point of LiTa03 single crystal. From a rhodium melting into this melt in a platinum rhodium alloy, 
and this mixing and coloring during a training crystal An iridium crucible is used about this and it is this gas 
ambient atmosphere. Considering as the inert gas ambient atmosphere containing the oxygen of 0.5 - 2.5 
capacity % is proposed (refer to JP,4-1 1513,B). 
[0004] 

[Problem(s) to be Solved by the Invention] However, if the after heater made indispensable [ at the time of a 
pull-up of LiTa03 single crystal ] even in this case is used as a platinum rhodium alloy, the phenomenon in 
which coloring takes place by mixing of the rhodium from this after heater will occur, and When using 
LiTa03 single crystal as a second harmonic generation ingredient 400-500nm Since a rhodium and iridium 
also corresponded to this as an impurity metal with absorption, it turned out that these cures are needed. 
[0005] 

[Means for Solving the Problem] This invention is a thing about LiTa03 single crystal which solved such 
disadvantage and a trouble, and its manufacture approach. For this LiTa03 single crystal, the iridium and 
the rhodium which are contained in this are 1 ppm, respectively. It is what is characterized by being the 
following. In the manufacture approach of LiTa03 single crystal of pulling up LiTa03 single crystal by the 
CZ process using the crucible with which this manufacture approach has an after heater The part used as the 
temperature to which a rhodium volatilizes, for example, a crucible, an after heater, The noble metals which 
do not contain a rhodium for all of an after heater free wheel plate and a seed electrode holder, For example, 
it is characterized by considering as iridium and this is the pull-up ambient atmosphere of LiTa03 single 
crystal again. It is characterized by considering as the inert gas ambient atmosphere containing the oxygen 
of 0.2 - 1 .5 capacity %. 

[0006] Namely, the result examined variously that LiTa03 single crystal made useful [ this invention 
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persons ] as a second harmonic generation ingredient of laser light and its manufacture approach should be 
developed, The iridium which is the after heater and crucible ingredient which are used about this LiTa03 
single crystal at the time of this crystal pulling, A rhodium is wavelength. 400-500nm From it being a thing 
with absorptivity, laser light The iridium as a metal impurity contained in LiTa03 single crystal and a 
rhodium are 1 ppm, respectively. While finding out that it should carry out the following if this after heater 
and crucible are used as a platinum rhodium alloy at the time of manufacture of this LiTa03, a rhodium will 
oxidize at an elevated temperature compared with iridium — having — easy -- especially — Since it becomes 
remarkable above 1,000 degrees C Since the rhodium which oxidized when the rhodium was included in the 
part used as the temperature to which a rhodium volatilizes at the time of LiTa03 crystal pulling is taken in 
in melt from an ambient atmosphere, penetration and this are taken in also in a single crystal and a single 
crystal colors It shall be required to make such all parts into iridium, for example, it shall consist this 
crucible, an after heater, an after heater free wheel plate, a reflector, a seed electrode holder, etc. of iridium 
material, Moreover, although to make this ambient atmosphere into the inert gas ambient atmosphere 
containing oxygen is needed at the time of this LiTa03 crystal pulling this amount of oxygen LiTa03 single 
crystal colors under by 0.2 capacity % — if it is made [ more ] than 1 .5 capacity % — the iridium content in 
LiTa03 single crystal — 1 ppm It found out that it became impossible to consider as the following, and this 
invention was completed. This is explained further in full detail below. 
[0007] 

[Function] The iridium by which this LiTa03 single crystal is contained in this for this invention about 
LiTa03 single crystal and its manufacture approach, It is 1 ppm about a rhodium, respectively. According to 
[ it is characterized by becoming as the following and ] this, this single crystal is wavelength. 400-500nm 
Since laser light will not be absorbed, become what this makes useful as a second harmonic generation 
ingredient, and The part used as the temperature to which a rhodium volatilizes in this manufacture 
approach, for example, a crucible, The noble metals which do not contain a rhodium for an after heater, an 
after heater free wheel plate, a reflector, a seed electrode holder, etc., For example, it is oxygen about the 
inert gas [ shall consist of iridium and ] ambient atmosphere at the time of this pull-up. 0.5-1 .5 The thing, 
then LiTa03 single crystal obtained capacity % Included are not colored. The content of iridium and a 
rhodium is 1 ppm. The profitableness that it can consider as the following is given. 
[0008] Although iridium, a rhodium, etc. which are used as the ingredient are mixed into LiTa03 single 
crystal from the crucible used at the time of a pull-up of the single crystal in a CZ process, an after heater, a 
reflector, a seed holder, etc., LiTa03 single crystal by this invention Also for the iridium and the rhodium 
which are mixed into this LiTa03 single crystal, these are the wavelength of LiTa03 single crystal. 400- 
500nm Since laser light is absorbed and the operation as a second harmonic generation ingredient of the 
laser light of this LiTa03 single crystal is weakened For each of these, the amount as an impurity in LiTa03 
single crystal is 1 ppm. It is found out that to consider as the following is required. **** — this amount ~ 1 
ppm if it is the following - wavelength 400-500nm Since most laser absorption of light is lost As for this 
LiTa03 single crystal, wavelength this 800-900nm The profitableness that it can be used now as a charge of 
the green wood from a higher harmonic by laser light is given. 

[0009] The content of the iridium as an impurity which this described above although this invention relates 
to LiTa03 single crystal and its manufacture approach again, and a rhodium is 1 ppm. It is related with 
LiTa03 single crystal which is the following, and its manufacture approach. The manufacture approach of 
this LiTa03 single crystal is 1 ppm about iridium and a rhodium content. Since it says that it considers as 
the following, when pulling up LiTa03 single crystal by the CZ process, Although considered as the thing 
made from iridium, without a platinum rhodium alloy carrying out the part which becomes beyond the 
temperature to which a rhodium volatilizes, for example, a crucible, an after heater, a reflector, a seed 
electrode holder, etc. According to this, can prevent mixing to the single crystal of the rhodium which is 
easy to melt into LiTa03 single crystal compared with iridium, and since there is little iridium, the amount 
which melts into a single crystal compared with a rhodium It is 1 ppm about the impurity content of the 
iridium in the target LiTa03 single crystal, and a rhodium. It can consider as the following. 
[0010] Manufacture of this LiTa03 single crystal is the abbreviation after carrying out weighing capacity 
and specifically mixing a lithium carbonate with a purity of 4 Ns and tantalum oxide so that it may become a 
predetermined mole ratio. Temporary quenching is carried out at 900 degrees C, and this is put into the 
crucible made from iridium. It heats and dissolves in temperature of 1,650 degrees C or more. Subsequently, 
what is necessary is to set the reflector made from iridium homogeneous as a crucible, an after heater, an 
after heater free wheel plate, and a seed electrode holder, and to be made just to let the temperature gradient 
of LiTa03 single crystal under growth be the optimal thing on this crucible, in this case, although what is 
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necessary is to immerse the seed crystal of LiTa03 in this melt, to pull up seed crystal slowly under inert 
atmospheres, such as nitrogen gas, argon gas, and gaseous helium, and just to grow up LiTa03 single crystal 
into this seed crystal. 

[001 1] Since each of the end crater which gets in order to pull up a single crystal according to this, a 
reflector, after heaters, after heater free wheel plates, and seed electrode holders is made into the thing of 
iridium nature It is lost that LiTa03 single crystal which it is lost that a rhodium will melt into melt from 
now on, therefore is made into the purpose by existence of this rhodium colors, and For LiTa03 single 
crystal obtained from it being rare for iridium to melt into melt rather than a rhodium, the content of the 
iridium as a metal impurity and a rhodium is 1 ppm. It is the following, therefore wavelength 400-500nm 
Absorbing laser light is lost. 

[0012] However, when the inert gas ambient atmosphere at the time of crystal pulling does not contain 
oxygen even in this case, Or though oxygen is included, the amount of oxygen LiTa03 single crystal 
obtained under 0.2 capacity % for the oxygen defect by the oxygen deficiency when few colors black. Heat 
treatment is needed in atmospheric air separately for decolorization, and this oxygen density When it 
increases more than 1 .5 capacity %, iridium, The content of the iridium as a metal impurity in the LiTa03 
single crystal which the rhodium oxidized, was mixed to melt and raised is 1 ppm. Since it stops becoming 
the following, this inert gas ambient atmosphere is oxygen. To carry out 0.5- 1.5 capacity content is needed. 
[0013] In addition, what is necessary is for the equipment shown in drawing 1 just to perform the 
manufacture approach of LiTa03 single crystal by this invention. Although drawing 1 shows drawing of 
longitudinal section of the LiTa03 single-crystal manufacturing installation by this invention, the after 
heater free wheel plate 8 made from iridium is laid the after heater 2 made from iridium, or on it through the 
reflector 3 made from iridium on the crucible 1 made from iridium, and this is put into the melt 4 which 
fused the mixture of a lithium carbonate and tantalum oxide by this crucible 1 . Manufacture of LiTa03 
single crystal from this melt 4 The seed crystal 6 of LiTa03 currently supported by this melt by the seed 
holder 7 made from iridium is immersed. It is oxygen gas to the up space of this crucible 1. Although what 
is necessary is just to pull up up slowly, filling the inert gas of which 0.2- 1.5 capacity % content is done, 
and rotating this seed crystal Are good to consider as the thing made from iridium, if the after heater free 
wheel plate 8, the reflector 3, and the seed holder 7 who use it here can also do it. According to this, the 
content of the iridium as a metal impurity and a rhodium is 1 ppm. The profitableness that LiTa03 single 
crystal made into the purpose which is the following can be obtained easily is given. 
[0014] 

[Example] Next, the example of this invention and the example of a comparison are given. 
477g of lithium carbonates with one to example 2 purity of 4 Ns, and 7,523g of tantalum oxide - weighing 
capacity - carrying out - mixing - abbreviation since temporary quenching is carried out to 900 degrees C 
- this ~ diameter 150mmphi and die length it puts into 150mm and the crucible made from iridium with a 
thickness of 2mm - it heated at 1,650 or more degrees C, and this was dissolved. 

[0015] Subsequently, the diameter of 5mm of X-axis bearing and the seed crystal of LiTa03 single crystal 
with a die length of 50mm are immersed in this melt, this gas ambient atmosphere - oxygen 0.2% - or — 
After considering as the nitrogen-gas-atmosphere mind which carries out 1.5 capacity content As seed 
crystal is slowly raised by 4mm/o , clock in rate and the temperature gradient of LiTa03 single crystal in 
crystal growth is held [ cm ] in 5 degrees C /right above [ melt ] at the after heater installed on the crucible at 
this time, when LiTa03 single crystal is grown up, 25 hours after Diameter 75mmphi, Die length Since 
LiTa03 100mm single crystal was obtained, it is the wavelength of this thing. 400-500nm When the content 
concentration of the laser absorption of light, iridium, and a rhodium was investigated, the result as shown in 
Table 1 which carries out a postscript was obtained. 

[0016] The ingredient of the crucible used in the one to example of comparison 7 example and an after 
heater is used as iridium or a platinum rhodium alloy as shown in Table 1 . The oxygen density in the inert 
gas ambient atmosphere under pull-up was shown in Table 1 . The place which it was made to change by 0. 1 
-1.6 capacity %, and also created LiTa03 single crystal by the same approach as an example, The result as 
written together to Table 1 about the content concentration of the laser light absorption of this LiTa03 
single crystal, iridium, and a rhodium was obtained. In addition, in the example 1 of a comparison, the solid- 
liquid interface became a convex at the melt side, will be twisted immediately, and was not able to stabilize 
and carry out crystal training as the crystal grew. 
[0017] 
[Table 1] 
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[0018] 

[Effect of the Invention] The iridium by which this LiTa03 single crystal is contained in this LiTa03 single 
crystal as this invention described this above about LiTa03 single crystal and its manufacture approach, A 
rhodium is 1 ppm, respectively. In the manufacture approach of LiTa03 single crystal of it being 
characterized by being the following and pulling up LiTa03 single crystal by the CZ process using the 
crucible with which this manufacture approach has an after heater It is characterized by using all of the part 
used as the temperature to which a rhodium volatilizes, for example, a crucible, an after heater, an after 
heater free wheel plate, and a seed electrode holder as the metal which does not contain a rhodium, for 
example, iridium. 

[0019] A deer is carried out and it is wavelength in this LiTa03 single crystal. 400-500nm The content of 
iridium with a possibility of absorbing beam light, and a rhodium is 1 ppm. In LiTa03 single crystal which 
the profitableness of becoming useful as the 2nd higher-harmonic ingredient of high quality with little light 
absorption was given, and was made by this manufacture approach since it considered as the following, the 
content of iridium and a rhodium is 1 ppm. The profitableness of becoming the following is given. 
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DRAWINGS 



[Drawing 1 ] 
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4 N CDRBt y ^ 9 A t mi t Z > * & *BrJ&D* ->Wt i 

ttSJ:5*c?¥*LTfi^L/c0!>%, 9oo°cr{g^U 

cn^-Y y t^AHosoffKAftr i,65o-cjy±(DS 
©attaccLiTaQi*«a*fl6fis-»TiH*K<fci>*^ c 

[001 1 ] cntc<fc*itf#tta*3i±tf*^«>©so 

otgWtn LiTaQ, #*SB**«frr 5i05Ci#ft 

<ft£U -f y^->A*n^AJ:0«>tt«Kig»iito 

CiW>ftlr>Ct*6, f#e>tiSLiTaft*«att^K^F 
«»«!:Lt©>f';^A % P^^A©Mt^ 1 ppm fe( 
T"C*D, L/cJtl^tiSI^ 400— 500nm ©U— if-* 

[0012] C<D»^t?fe*tta3l±tfl»«:*s 
^Cc«ffiBR^CcJ:SBi«^B©/c«S>Ccf#6nSLiTa 

^L/, wjaEsnfcLiTaft#aa*©^R^*s«j<t urco 
^ y is<yj»<o^m& 1 ppm £*T<tft6&< «cs©r. 

[0013] *«?BJcJ:*LiTa05i**Sa©!!3S^ 
ffittWA«H 1 CcinL^arfTttAKJ:^. H 1 tt* 
mm CC J: -5 LiTac^ #3&at?j^B<DS3»rW0 4^ 1/ 

cn(i^ •jj/')AB4-3Hio±fc-f y ^ 

fc - £ - 2 £ tcte^r CD±&C >T y Ag7 ^ ^ - 1 - ^ 

-^^8^igg?nr^o, co*off i tctt^My^ 

A £ »{fc * > jr Jl/ i OS^^^gS L/ AlKS 4 ^Atl 
e>nrt^ 0 C<Dffi?K4^iE>CDLiTaCi#Sa<DSi&«, 
COK^tC-f y ^A»^>- K^-;l/^7t^S$n 

r^aLiT2a<D«tea6*aaii/. c©^^t3fi^±as 
sntcetx^^ o.2- i.^s%^wr^^rsi4^^ 



(4) 
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#1 ppm «Tr*SBWtrSLiTaQi#IS»*Sf»«:# 
[0014] 
JgSStffll-2 

jsfcg 4 N <D^K »; ^ V AA77qt WAt % > * >V 7 , 523q<t £ 

f¥»LTfi"&U ift 900°CJC(5«sLr^6cn«:B:S l 

SQmm^ g£ 15Qmu 03/?2 mmtZM V AH&0(ZCC 

A*u i, 65o°c«±k: ai& ur c n^gfrB? u fc. 

3 50nm©LiTaft*BaCD«*Sa*aiRb. C<D#X#| 
Sli0t*6, a3eH^^4mm/B$<DSftr69)o< 



* •C/orfCfiSftTi J: 5 &CL,TLiTaCfc#*SII*J£g3#fc 
iC6, 25^ra^frCttS75nn*, g£ lOOmrTiOLiTaQ, i£ 

— »f-*©KJR. >fy^*A, o^«?A©^wifta*o 

[0016] Jt«W 1 — 7 

l tCTjkLtcJ: 5 dc A y ^ $ a $ a ^ a^ 

tc^0/c<£5fc: o.i— i.eS»%"CaE<fcS#/ctt3^ttH 
lt«iBD^rLiTaft*»ft*fBiEbfc4C4. CCD 

©dwafffcoc >r a i icme L/ tc t totokim *> 

[0017] 
[*1 ] 



* 








400— 500nm 

WBL 




ns^AiSK 




1 


y y 2> * A 


y y * a 


0.2% 




0. 5ppm 


0. 2ppm 


M 


2 


u a 


^ y v v a 


1.5% 




D.Sppm 


0. 3ppn 




1 




y & v a 


0.1% 








it 


2 




^ y v v a 


1.6% 


5%{SfF 


3. Oppm 


0. Sppn 




3 


-f y » * a 


a^n^A 


0.2% 


5%{ET 


0. 5ppm 


1. 2ppn 


« 


4 


-< y s> s a 


S^ns?»>A 


1. 5% 


10%{g;T 


2. 5pp« 


5. Oppm 




5 


&fen^*A 




0.2% 


15%ET 


0. 6 ppm 


10. Oppm 




6 




j y S> 2 A 


L5% 


25%®T 


3. Oppm 


20. Oppm 




7 


e^u^^A 


a^n^A 


0.2% 


20%fiT 


1.0pm 


15. Oppm 



[0018] 

^tiCOLiTaC^^Jea^CC^^n^^ y ^A 4 P^ 
^ A tl^tl 1 ppm HTt* ^Ci tTZ&CD 

T*$>0, C ©S^S»7 7 ^ - fc - ^ - 54o 

fljt vf C Z ffiCC <fc o "C LiTaQ, #*£S*3 IJbtf £ LiTa 

[0 0 19] b^Ot, CCDLiTaQ^Ma^C^g 400 
~500r*n <D^-A:££©lKT&fc^ftCD&£^ U 5^ 



A x P^^ACD^Wfi^l ppm «T£ £*l£(7rC, 
40 LiTaC^m^a^^^ y U^^ACD^Wfi^l pp 

[131 ] *«?8fcJ:*LiTaft»tS«RJfi*ffi«:«fflSn 

[#^<D^] 

i >r 'J^-jass^ 2 • ys?9AH 

5-LiTa0b#^a, 6 - 



so 



C5) 



[HI] 
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